This paper presents the results of studies which aim was to determine the pollution of the water environment for both methods of preparation for the utilization of sewage sludge in agriculture. The study was conducted in 2008-2012 in lysimeters fi lled with light sandy soil (clayey sand). During the study variants with equal doses of nitrogen in an amount of 20 g . m -2 (15.7 g per one lysimeter) were supplied to the soil in sewage sludge and in the compost made from the same sludge. These variants were used three times for two species of perennial plants: Miscanthus gigantenus i Sida hermaphrodita Rusby. In a variant of sludge soil fertilizing, it was leached into water environment more than 12% of the applied nitrogen over 5 years of research. In case of compost nitrogen leaching was reduced to 8.1-10.0% of the quantity supplied to the soil.
INTRODUCTION
Sludge produced in municipal wastewater treatment plants are noxious and hazardous waste to the water environment. Therefore, should be disposed and utilized with a minimal risk to the environment cleanness. One way of sewage sludge utilization is agriculture soil fertilization. Most suitable are sludge from rural areas and small non-industrialized towns. Unlike sewage waste in large cities, they do not contain excessive levels of heavy metals and generally meet the existing legislation requirements. Wastewater sludge has a high fertilizer and soil-forming value 1, 2, 3, 4, 5 . One method of sewage sludge preparation for agriculture use is composting 6, 7, 8, 9, 10 . Composting of sludge is a long-term process and requires proper equipment, space and effort. For economic reasons, hygienisation of sludge with calcium oxide (II) (CaO) is often used with its direct application to the soil.
Application of sewage sludge to fertilize the soil, regardless of their previous treatment creates hazard of penetration of some components (especially nitrogen) into the water environment. Nitrogen in the sludge and composts occurs mainly in an organic form and its mineral form are from several to more than 20% of the total nitrogen content 11, 12 . Organic nitrogen supplied to the soil undergoes a complex and dynamic changes 13, 14 . As a result of these changes, especially nitrifi cation process, mineral forms of nitrogen in particular nitrates (V) are formed. N-NO 3 -and N-NH 4 + released during the mineralization process are taken up by plants, although much of it passes into the groundwater 15, 16 . The amount of nitrogen leaching into the water environment depends among others on the form of the fertilizer used and the size of the dose. It may even be more than 60 kg N · ha -1 per year 17 . Sewage sludge composts are characterized by a high content of humifi cated organic matter. Humus is the predominating sewage sludge component that only after the introduction into the soil undergo biochemical mineralization and humifi cation processes 18 . The pace and products of these changes are dependent on climatic and soil conditions (air, water and pH) 19 . This gives a reason to believe that especially nitrogen contamination of water environment will vary. It will depend on whether the sewage sludge or compost produced out of it is provided to the soil. There are no data in the literature on the results of comparative studies carried out in the same conditions, using both forms of sludge and their impact on the water environment and soil. This work presents the results of the studies whose aim was to determine the pollution of the water environment for both methods of preparation for the utilization of sewage sludge in agriculture
EXPERIMENTAL SECTION
The study was conducted in 2008-2012 in lysimeters fi lled with light sandy soil (clayey sand), an average of 14% of the earthy particles (fraction <0.02 mm). The conditions in the lysimeters are similar to the natural fi eld conditions. Lysimeters with a diameter of 100 cm and a depth of 130 cm are completely submerged in the ground and is surrounded by agricultural fi elds. The study was conducted at the Research Station in Kamieniec belonging to the Lower Silesia Wroclaw Research Centre.
In subsequent years of the studies the stabilized and mechanically dehydrated sludge from the rural mechanical-biological wastewater treatment plant was used as well as the compost produced from this sludge and waste plant.
During the study variants with equal doses of nitrogen in an amount of 20 g · m -2 (15.7 g per one lysimeter) were supplied to the soil in sewage sludge and in the compost made from the same sludge. These variants were used three times for two species of perennial plants:
-Miscanthus gigantenus, -Sida hermaphrodita Rusby. These are the plants with a high demand for nutrients (especially nitrogen), normally grown for biomass as a renewable source of energy (energy crops). For both plants, high doses of nitrogen equivalent to 200 kg N · ha -1 , were used. During the study period amounts of precipitation and leachate from the lysimeters were measured. Chemical composition analyzes of the sewage sludge, compost, rainwater and leachate were performed with currently valid and the most commonly used methods 20, 21 . The concentration of nitrogen and its forms in leachates was marked by the colorimetric indophenol method according to 22 , using the UV-Vis 916 GBC spectrophotometer. The following analyses were made for the studied sludge and compost: loss on ignition by gravimetric method according to
23
, organic carbon -made by Tiurin method, involving wet oxidation of organic matter, followed by potassium dichromate -K 2 Cr 2 O 7 treatment. The remaining in the K 2 Cr 2 O 7 solution, was titrated with Mohr's salt. The concentration of nitrogen and its forms in an aqueous extract was determined by the colorimetric indophenol method according to 22 . The results of leachate from lysimeters and the concentration of nitrogen forms were statistically analyzed taking into account the long-term average. The statistical calculations were made in the Statistica 10 PL. The T-test was made for independent samples at variable at level of signifi cance p <0.05. In addition, the coeffi cient of variation of the concentrations of nitrogen and its forms in leachates was calculated. The results are summarized in the tables.
RESULTS AND DISCUSSION
Chemical analysis of the sewage sludge used in the studies revealed that it contained 45.0-65.9 mg · g -1 · DM (average 53.3 mg · g -1 · DM) of total nitrogen, and 64.1-76.4% (average 71%) of organic matter (Table 1) . Compost prepared from the sewage sludge and waste plant contained about 2 times less nitrogen 21.9-28,4 mg · g -1 · DM (average 25.0 mg · g -1 · DM) and less organic matter (average 62%). Differences in nitrogen and its forms in the sludge and compost were confi rmed statistically.
In order to provide an equal dose of nitrogen to the soil in both fertilization methods, greater amount of compost than sewage sludge was used. Therefore, the amount of organic matter supplied to the soil with compost was greater than the amount supplied with sewage sludge. This could have an impact on the reduction of leaching from soil when fertilized with compost. Leachates from the soil depends mainly on the amount of rainfall and the transpiration of plants during the growing season as well as the type of soil and its organic matter content.
Individual years of study differed considerably in terms of the amount of rainfall ( Table 2 ). The volume of leachate from the lysimeters also varied (Table 3) . Leachate occurred primarily during late autumn and winter periods. During plants growing periods the volume of leachates was much smaller and they occurred only after heavy rainfall.
The leachates volume in the case when soil was fertilized with sewage sludge was higher than in the case when it was fertilized with compost. It is due to the fact that the soil added to the compost improves its properties faster, and increases water holding capacity of the soil
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. While the sludge added to the soil is under the biochemical mineralization and humifi cation processes. The differences in the volume of leachate from the soil fertilized with sewage sludge and compost, although it is signifi cant, have been statistically confi rmed only in the variant of the Sida hermaphrodita Rusby species. This shows the difference of the transpiration of the used plant species. It has occurred in all years of the study and in both plant species. A substantial effect of plant transpiration on the volume of leachates has also been noticed. In the fi rst year of the study (2008), when plants were just planted and still poorly developed, leachates in both variants of fertilization were most abundant, despite smallest precipitation this year. Average concentrations of total nitrogen and its forms in leachates from lysimeters were similar in both variants of fertilization (Table 4) . Differences in the content (concentration) of nitrogen in the leachate from soil fertilized with sewage sludge and compost have not been statistically confi rmed (with the exception of differences in the concentrations of N-NOx variation of species Sida hermaphrodita Rusby). These concentrations were calculated as the weighted average of the volume of sludge and the contents of analyzed components. In the fi rst year of the study, with a poorly developed plant the sludge contained large amounts of nitrate nitrogen. In the following years, when the plants were in full development, organic nitrogen was predominant in both fertilization variants. This demonstrates the extensive collection of N-NO x by plants and leaching of nitrogen in water-soluble organic compounds contained in the sludge and in compost. Organic nitrogen is not absorbed by plants 27 .
The leachate test revealed very high variability of nitrate nitrogen concentrations in both variants of fertilization (Table 5 ).
In the leachate from lysimeters planted with miscanthus concentration the changeability of this form of nitrogen exceeded 200%. This was probably due to the variable collecting of this form of nitrogen by plants throughout the year and due to the impact of temperature on the nitrifi cation process of organic nitrogen contained in sewage sludge and compost. The changeability of the concentration of total nitrogen, as well as of other forms was much smaller and not more than 100%.
Variability and seasonality of nitrate concentrations in the leachate from the soil were also shown by the studies in the facilities used for agriculture 28 . Maximum concentrations of nitrate were noticed at the turn of February and March, before the start of plant vegetation. The research conducted in the UK confi rmed high variability of nitrate and its maximum values occurrence during the early spring 29 . The quantity (volume) of the nitrogen in the soil is a much more important parameter than the concentration. Is infl uenced by various factors. One of the most important is the way of soil usage and maintenance of agricultural production 30, 31 . Crucial impact on the Table 3 . Annual amount of precipitation and volume of leachates from particular fertilization variants in the period of 2008-2012 Table 4 . The average annual concentration of total nitrogen and its forms in the leachate from different variants of fertilization during 2008-2012 in mg . dm -3 amount of nitrogen discharged in the leachate from the soil has the size of the dose and the type (form) of used fertilizer. This has been inter alia shown by studies with using identical doses of nitrogen supplied in ammonium sulphate and composts. Nitrate concentrations and the amount of discharged nitrogen in the leachate in the fertilization of the soil with ammonium sulphate were much higher than with the same dose of nitrogen in the compost 27, 32, 33
. The greater fertilization dose the greater was the difference in the losses of applied nitrogen within fertilizer types. In the soil fertilized with sewage sludge and compost the amount of nitrogen discharged from the leachate was little differentiated ( Table 6 ). The differences are statistically confi rmed only in the variant of the Sida hermaphrodita Rusby species.
The amount of the total nitrogen discharged in the leachate (per 1 m 2 ) and its concentration decrease, throughout the study period (Table 6 ). Strong infl uence of plants on nitrogen losses noted, due to its leaching from the soil. In the fi rst year after planting, when they have extracted a little of both the water and nutrients, nitrogen losses were very large (tens of percent). In the following years, under the full development of plants, these losses declined repeatedly. Table 7 shows the overall amount of nitrogen supplied to the soil in the sewage sludge, compost and precipitation as well as leachate discharged. The amount of nitrogen provided to the soil from rainfall in the research area was 3.9 g • m -2 . It was calculated on the basis of precipitation and the weighted average concentration of total nitrogen in the rain. It was a slightly greater amount as in previous years in this area, which was 3.4-3,7 g • m -2 34 . The results given in Tables 6 and 7 clearly show the difference between the amount of nitrogen leaching from the soil in sewage sludge and compost fertilization variants. In a variant of sludge soil fertilizing, it was leached into water environment more than 12% of the applied nitrogen over 5 years of research. In the case of compost nitrogen leaching was reduced to 8.2-10.1% of the quantity supplied to the soil. There were smaller nitrogen losses than in the case of compost fertilizer, where the loss of only mineral nitrogen exceeded 12%, and in the conditions of using mineral fertilizers it was about 28% of the applied nitrogen doses 17 .
CONCLUSION
Compost made from sewage sludge and waste plants contains about two times less nitrogen and slightly less organic matter than the sludge.
The volume of soil sludge depends, not only on the amount of precipitation, but also on the variant of fertilization. In the variants of soil fertilization with compost leachate the volume was much smaller than in the case of sewage sludge fertilizer in the same soil and climatic conditions.
Nitrogen pollution of the water environment is lower when using compost rather than sewage sludge soil fertilization. In the case of identical doses of nitrogen, introduced into the sandy soil in the compost and sewage sludge, increased leaching of this component was observed in sewage sludge fertilization variant (over 12%) than compost (8.2-10.1%).
There is a leaching of not only the mineral forms of nitrogen, but also organic nitrogen (30-50% of the total leaching amount) from the soil fertilized with sewage sludge and compost.
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